The Malagasy are the descendants of a unique prehistoric admixture event between African and Asian individuals, the outcome of one of the earliest protoglobalization processes that began approximately 4,000 years before present (BP) ([@msw117-B16]; [@msw117-B7], [@msw117-B8]; [@msw117-B23]). Today, this island population in the western Indian Ocean shows strong biological ([@msw117-B15]; [@msw117-B29]) and linguistic ([@msw117-B4]; [@msw117-B31]) connections to east coast African and Island Southeast Asian groups. Although this remarkable admixture event has long been studied ([@msw117-B15]; [@msw117-B18]; [@msw117-B32]; [@msw117-B20]; [@msw117-B33]; [@msw117-B29]; [@msw117-B22]), the settlement process---specifically the geographic origin of the populations involved, dates of settlement and the nature of the population admixture event---are still routinely debated ([@msw117-B4]; [@msw117-B7]; [@msw117-B29]; [@msw117-B22]; [@msw117-B5]). Both linguistic and genetic studies suggest that the western and central regions of Indonesia (particularly Java, Borneo, and Sulawesi) have the closest Asian genetic connections with modern Malagasy ([@msw117-B22] [@msw117-B21]; [@msw117-B5]), and the island was probably settled by a small founding population ([@msw117-B11]). More specifically, recent anthropological research points to the Southeast region of Borneo as a potential source location for Malagasy ([@msw117-B21]; [@msw117-B5]). However, the Indonesian parental population of the Malagasy has so far not been clearly identified ([@msw117-B22] [@msw117-B21]). To better reconstruct the settlement history of Madagascar and identify the Asian source populations, we conducted widespread sampling and genome-wide analysis of human groups across the Indian Ocean region. In particular, we present here new genome-wide data for two southeast Borneo populations, the Banjar (*n* = 16) and the Ngaju (*n* = 25) ([supplementary fig. S1](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online), which have previously been noted as potential parental groups to the Malagasy ([@msw117-B5]). The newly generated data were analyzed in the context of previously published data for a wide range of populations from the Indian Ocean rim ([supplementary table S1](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online).

The Malagasy Asian Ancestry Derives from Southeast Borneo
=========================================================

To identify the most probable Asian parental groups of the Malagasy, we adopted a two-stage approach: first, we identified the most likely proxy populations using a data set with wide geographical coverage but relatively low density of single nucleotide polymorphism (SNP), then followed by a higher density SNP data set that gives increased statistical power. This allows us to reconstruct the admixture processes that led to the emergence of modern Malagasy. The admixture profile of our data set (2,183 individuals from 61 populations genotyped for 40,272 SNPs; [supplementary figs. S2 and S3](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online), based on ADMIXTURE analyses ([@msw117-B6]), shows that the Malagasy genetic diversity is best described as a mixture of 68% African genomic components and 32% Asian components, corresponding well with the results of previous studies ([@msw117-B10]; [@msw117-B29]). While the African ancestry component in Malagasy appears to be broadly similar to that still present today in South African Bantu, the Asian ancestry presents a more complex pattern. This complexity is the key reason why previous studies have been unable to point firmly to a unique Asian source, making any subsequent anthropological inferences debatable ([@msw117-B29]). This problem arose with a study of the Ma'anyan population of Borneo, whose language has long been identified as the closest to the Malagasy language ([@msw117-B12]), but who surprisingly exhibit no clear genetic connection to Malagasy ([@msw117-B21]). Instead, the higher genetic complexity of the Asian ancestry component in Malagasy likely reflects the fact that more than a single source population was involved in its formation. Affinities to the Malagasy Asian components are found at high frequency across several Island Southeast Asian groups, but notably in Malay, a dominant group of ancient seafaring traders (first millennium CE), and admixed groups from Borneo (i.e., Banjar, Ngaju, South Kalimantan Dayak, Lebbo, Murut, Dusun, and Bidayuh; [supplementary fig. S2](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online). The connection between Malagasy, and the Borneo and Malay populations, is supported by *f3*-statistics (z-scores\<−2; [supplementary table S2](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online) ([@msw117-B27]) and TreeMix analyses (35% of Malay/Borneo gene flow to Malagasy; [supplementary fig. S4](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online) ([@msw117-B28]). However, to more specifically identify the Asian ancestry of the Malagasy genome, we performed a Local Ancestry analysis with PCAdmix ([@msw117-B9]) using two proxy parental meta-populations comprising 100 individuals with African ancestry (randomly selected from Yoruba, South African Bantu, Kenyan Luhya, and Somali groups) and Asian ancestry (randomly selected from Chinese, Philippine Igorot, Bornean Ma'anyan, and Malay groups). Masking the haplotypes inferred to derive from Africa, we performed an ancestry-specific Principal Components Analysis (PCA) ([@msw117-B26]) and TreeMix analysis ([@msw117-B28]). Both show that the Asian genomic components of Malagasy cluster tightly with Southeast Borneo groups (Banjar, South Kalimantan Dayak, Ngaju, and Ma'anyan) (1,664 SNPs; [fig. 1*A*](#msw117-F1){ref-type="fig"} and [supplementary fig. S5](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online). This connection is supported by the highest *f* 3-statistics and the lowest *F*~ST~ genetic distances also being observed between Asian ancestry of the Malagasy and these same Southeast Borneo groups (*f*3 \> 0.12; *F*~ST ~\<~ ~0.02; [fig. 1*B*;](#msw117-F1){ref-type="fig"} [supplementary tables S3 and S4](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online). [Fig]{.smallcaps}. 1Localization of the Asian ancestry of Malagasy by (*A*) a TreeMix dendrogram, (*B*) F~ST~ distances and *f*3 statistics, all based on the Asian-SNP data set, and (C) a shared identity-by-descent (IBD) analysis based on haplotypes inferred from the high density of SNP data set. (*A*) The TreeMix dendrogram was inferred imposing no a priori assumptions of migration, displaying only the tree topology. (*B*) Values of the *f*3 (Asian-SNP Vezo, X; Yoruba) statistics are represented by dots with standard error bars. The color of each dot corresponds to the *F*~ST~ distances between the Asian ancestry of the Vezo and each Asian population using a gray-yellow-red color scale from the highest (0.196) to the lowest values (0.02). (*C*) The cumulative shared IBD (Mb) between pairs of Malagasy:Asian individuals were averaged to obtain one value of IBD sharing per Asian population. The obtained values are represented by a gray-yellow-red color scale. The numbers 1--15 correspond to the populations presented on the TreeMix dendrogram with the addition of 16 which stands for Brahmin Indian.

To explore this connection in more detail, we turned to the high density SNP data set (551 individuals from 24 populations genotyped for 374,189 SNPs; [supplementary table S1](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online). This allows more statistically powerful analyses based on haplotypes. We confirmed the earlier result that Malagasy have the highest values of cumulative shared identity-by-descent fragments with Southeast Borneo populations ([fig. 1*C*;](#msw117-F1){ref-type="fig"} [supplementary fig. S6](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online). To expand on this, however, we inferred the population sources of the Malagasy, their relative ratios and the dates of potential admixture events with GLOBETROTTER ([@msw117-B17]), defining each population in our data set as a donor/surrogate group and the Malagasy as the recipient, using the haplotype "painting" data obtained with Chromopainter ([@msw117-B24]). The best fit outcome for the Malagasy was obtained under a model of a single admixture event between two sources: the Banjar representing 37% of modern Malagasy and the South African Bantu population representing the other 63% (*r*^2 ^=^ ^0.99, *P* \< 0.01; [fig. 2](#msw117-F2){ref-type="fig"} and [supplementary table S5](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online). The admixture event was dated to 675 years BP (95% CI: 625--725 years BP, [supplementary table S5](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online), which is similar to the dates of admixture estimated by ALDER (550--750 years BP) using Banjar population in combination with the South African Bantu ([supplementary table S6](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online) ([@msw117-B25]). When each Malagasy ethnic group is analyzed separately, similar parental populations, admixture proportions, and dates are obtained with the noticeable older estimated dates toward the east coast of Madagascar ([supplementary table S5](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online). [Fig]{.smallcaps}. 2Scenario for the Asian genetic ancestry in Malagasy based on the best fit models inferred by GLOBETROTTER. The brown circle represents the Malagasy (bottom left), while the green circle represents the Banjar (right). Red semicircles show the African ancestry (South African Bantu), whereas the other semicircles represent Asian ancestry from Malay (blue), Banjar (green), and Ma'anyan (yellow). Black dots highlight other populations included in the high density genomic data set. The arrows show migration events, with indicative routes, inferred in our analyses with dates of admixture in italic estimated by GLOBETROTTER. Dates in bold correspond to dates of migration estimated from archaeological and historical data ([@msw117-B7]).

Crucially, these dates of genetic admixture, in agreement with a previous study ([@msw117-B29]), reflect the midpoint or end of noticeable admixture between groups of Asian and African ancestry in Madagascar, rather than the start of this contact. Therefore, they could correspond to the end of the period of the main Austronesian presence in Madagascar that started around the first millennium CE ([@msw117-B12], [@msw117-B13]; [@msw117-B14]; [@msw117-B3]; [@msw117-B11]; [@msw117-B5]). On the other hand, around 1100--700 years BP, climatic changes in the South of Africa forced Bantu populations to move to more hospitable places ([@msw117-B19]). This South Bantu migration has previously been suggested as an explanation for the higher density of populations observed in the South of Madagascar ([@msw117-B7]). As all of our sampled groups live in the South of Madagascar, and considering that the estimated dates of admixture are more recent on the west coast ([supplementary tables S5 and S6](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online), it is tempting to interpret our admixture date as marking the last significant Bantu migration to Madagascar, perhaps initiated by climatic changes in Africa.

The Proto-Malagasy People Were a Malay-Ma'anyan Admixed Group
=============================================================

These analyses clearly identify an Austronesian-speaking population, the Banjar in the southeast region of Borneo, as the closest Asian sources for modern Malagasy. Linguistic reconstruction of the Proto-Malagasy language indicated that it appears to be derived mainly from the Southeast Barito language spoken today by the Ma'anyan ([@msw117-B12]), a Southeast Borneo group. However, we have previously shown ([@msw117-B21]), and reconfirm here, that in genetic analyses, the Ma'anyan are only distantly related to the Malagasy in terms of genetics. In contrast, the Banjar currently speak a Malay language. Interestingly, the linguistic studies indicated a noticeable proportion of Malay words in present-day Malagasy languages ([@msw117-B2], [@msw117-B4]). We estimated the best fit scenario for the admixture process by modeling the current Banjar diversity with GLOBETROTTER ([@msw117-B17]). The genetic diversity of the Banjar best fits a model of a unique admixture event (*r*^2 ^=^ ^0.62; *P* \< 0.01) between two major ancestries that can be traced back to Malay (77%) and Ma'anyan (23%) ([fig. 2](#msw117-F2){ref-type="fig"} and [supplementary table S5](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online). We estimate the date of the last noticeable admixture approximately 425 years BP (95% CI: 275--500 years BP). Since the Banjar originated from a Ma'anyan-Malay admixture, at a time preceding the supposed date of migration to Madagascar (i.e., 1000 years BP), the ancestors of the Banjar were presumably speaking a language close to that reconstructed for Proto-Malagasy ([@msw117-B5]). Although we cannot fully exclude that the Malay-Ma'anyan admixture occurred in Malagasy, prior to the Bantu gene flow, the observed haplotypic structure is so similar to the ones observed in the Banjar that it is more parsimonious to interpret this admixture to have happened first in Borneo. This analysis reconciles both the linguistic and genetic data, strengthening our scenario placing the Banjar as the main Asian parental populations of the Malagasy. Their current genetic diversity appears to be the reflection of the historical relationship between Madagascar, Southeast Borneo, and the Malay. The maritime routes linking Madagascar to Borneo were particularly exploited during the rapid expansion of trading networks led by the Hindu Malay Kingdoms, such as Srivijaya (6th--13th centuries) ([@msw117-B30]; [@msw117-B7]). Established on the islands of Sumatra and Java, the Malay traded with far-distant regions, notably across East Asia and reaching as far as East Africa ([@msw117-B7]). Their influence increased across all the Southeast Asian islands, notably in Borneo where they established several trading posts, such as one in the city of Banjarmasin in Southeast Borneo ([@msw117-B30]; [@msw117-B7]). As related in the only Banjarese historical records available, the *Hikayat Banjar* ("Tale of Banjar") ([@msw117-B30]), the main city of the Banjar population was a major trading post in the former Malay Empires. This probably favored interactions with inland groups in Borneo, such as the Ma'anyan, but also with other populations such as the Bajo sea nomads ([supplementary fig. S6](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) and [table S5](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1), [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online) ([@msw117-B1]; [@msw117-B7]; [@msw117-B22]). The Malay domination of trading networks collapsed during the 15th--16th centuries, with the emergence of several sultanates and the arrival of Europeans, which could correspond to the end of noticeable Malay gene flow into the Banjar population, as indicated by our estimated date of admixture between Malay and Ma'anyan around 425 years BP.

Our study provides strong support for a new scenario for the Austronesian settlement of Madagascar, reconciling cultural, linguistic, and genetic data, in which the Banjar population played key roles in establishing the Asian founder population of the Malagasy. The Malay trading networks during the first millennium CE triggered one of the earliest protoglobalization processes, bringing Southeast Asian populations to East Africa ([@msw117-B7]). The Banjar, currently living in Southeast Borneo, show the highest affinity to the main genetic ancestry component in Malagasy and can therefore be suggested to be likely to have been the ethnic group that accompanied the Malay in their maritime voyages to Madagascar. This population with composite ethnic ancestry emerged from the long-standing presence of Malay in Borneo, creating an admixed community with local Austronesian-speaking groups, such as the Ma'anyan. Before the probable date of migration (around 1000 years BP), the ancestors of the current Banjar would have contained both Malay and Ma'anyan genetic diversity, and probably linguistic inheritances from both ([@msw117-B5]). Although the exact maritime route(s) of migration from Borneo to Madagascar are still an open question, our study identifies the flow of Malay-Ma'anyan genomic ancestries as carried by Banjar ancestors as the source to Malagasy.

Materials and Methods
=====================

All experimental and analytical procedures are described in the [supplementary method](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) file, [Supplementary Material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) online. This study was approved by the Research Ethics Commission of the Eijkman Institute for Molecular Biology (Jakarta, Indonesia).

Supplementary Material
======================

[Supplementary material](http://mbe.oxfordjournals.org/lookup/suppl/doi:10.1093/molbev/msw117/-/DC1) is available at *Molecular Biology and Evolution* online (<http://www.mbe.oxfordjournals.org/>).
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